Recently developed prognostic models for follicular lymphoma have proven useful in predicting overall survival (OS), but most have used data from multiple centers. Our goal was to look at prognostic factors within a single institution.We conducted a retrospective study on 77 newly diagnosed patients with follicular lymphoma, focussing on clinical characteristics, symptom duration before diagnosis, pathologic findings, including grade, laboratory data, imaging studies at initial presentation and management. The study population was 53% male. Ages ranged from 25 to 87 years (median 51). By Ann Arbor classification 4% were stage I, 8% stage II, 18% stage III and 69% stage IV. Initial therapy was deferred in 39%. The remaining patients received stageappropriate therapy. Survival was measured from time of diagnosis to death. Prognostic factors at initial diagnosis that were statistically significant in univariate log-rank comparisons of Kaplan-Meier survival curves were used to build a multivariate proportional hazard regression model of OS. Median OS for these patients was 10.3 years. OS differed only with high (>12 g/dl) versus low (<12 g/dl) hemoglobin (p=0.001) and in younger (<60 years) versus older (>60 years) patients (p=0.05), as indicated by univariate log-rank tests. Both hemoglobin and age were also significant in a multivariate proportional hazards analysis. Low hemoglobin and increased age were independent predictors of lower OS with hazard ratios of 6.6 (95% CI, 2.2-20.1) and 3.7 (95% CI, 1.2-11.7), respectively. Median survival for older patients who also had anemia was only 3.1 years. A test for interaction between age and hemoglobin was negative (p=0.35). The estimated hazard ratio for an older individual with low hemoglobin was 24.7 (95% CI, 4.0-153.3). To assess the proportional hazards assumption we tested for an interaction between time and both age (p=0.92) and hemoglobin (p=0.66) and found no evidence against proportionality. A hemoglobin <12 g/dl and age >60 years at diagnosis are significant predictors of worse OS.
Introduction
Despite intensive research over decades, the biology of follicular lymphoma is still only partially understood. With the small exception of some stage I tumors, progression invariably occurs. Follicular lymphomas are indolent in nature and usually very responsive to chemotherapy. However, no combination of cytotoxic agents so far has been shown to alter overall survival , (Peterson BA, et al, Proc ASCO 16: abs. 14a, 1997). Since there is also no difference in rate nor time-point of transformation between initially treated versus untreated follicular lymphomas, a deferral of treatment is often recommended (23) (24) (25) .
Follicular lymphoma shows a very variable disease course. Being able to identify a high-risk group in need for immediate aggressive chemotherapy is crucial. There have been numerous attempts to determine prognostic factors with this intention. The IPI, the International NHL Prognostic Factors Project, originally developed for aggressive NHLs has been tested on low-grade NHLs and found applicable although being critized for under-representing high-risk groups (26) (27) (28) (29) (30) (31) (32) (33) (34) (35) . The Italian Prognostic Index with 3 distinct risk groups was then developed. It resembles the IPI in many factors although it exchanges performance status for B-symptoms and includes the ESR. The ILI was consecutively tested against the IPI and was found to be more discriminative in most trials (36) (37) (38) . There have been various other prognostic scores developed for low-grade NHLs or specifically for follicular lymphoma. Most notable are the scores of Leonard et al, Romaguera et al and Cameron et al (39) (40) (41) . Among all scores available, there is often concordance regarding the factors Eastern Cooperative Oncology Group (ECOG) performance status, age and stage. The scores also variably utilize the predictors gender, number of extranodal sites, LDH, Hgb, B-symptoms, ESR and gut involvement (9, (39) (40) (41) (42) . The newest predictive score, the Follicular Lymphoma International Prognostic Index (FLIPI) has recently been published. This international cooperative group found the factors age, stage, Hgb, number of nodal sites and LDH significant to form 3 prognostically distinct Table I . Patient characteristics. Table I . Continued. 
Indicates that relevant data are missing to determine 5-and 10-year overall survival. Table I . Continued. groups. The score was subsequently tested on 919 patients and was shown to be valid (43) . We looked at prognostic factors for follicular lymphoma in patients from our institution. Among other factors, we wanted to test whether the prognosis of patients with follicular lymphoma is dependent on the length of symptoms before diagnosis and whether the course of the disease is determined by how long the 'Watch and Wait' approach lasts.
Materials and methods

Inclusion criteria.
Patients diagnosed between 1992 and 2002 were selected from the Minnesota Cancer Surveillance System Database. All malignant tumors of Minnesota residents, newly diagnosed or reviewed in the Department of Pathology of the University of Minnesota, are reported to this Database. Selecting patients in this fashion ensured that the study sample comprised all patients diagnosed at the University of Minnesota during 1992 and 2002. During the timeframe given, 130 patients had been registered at the Database. Patient selection was performed according to the following inclusion criteria: follicular lymphoma grade I, II or III based on either the Working Formulation, the REAL or the WHO classification, treatment of the lymphoma at the University of Minnesota between 1/1/1992 and 12/31/2002. Fifty-three patients could not be included in the analysis for the following reasons: incorrect coding (12; CLL/SLL 2, nodular sclerosing Hodgkin's disease 1, diffuse large cell lymphoma 7, mantle cell lymphoma 1, diffuse mixed small and large cell lymphoma 1), inadequate initial data (18), not followed (15), visit only for consultation (2), lost patient charts (2) and lack of follow-up (2). This retrospective study was approved by the Institutional Review Board of the University of Minnesota.
Patient characteristics and initial staging.
Patients underwent a complete history and physical examination, including an assessment of B-symptoms and their performance status through ECOG classification. An evaluation of symptom duration before first diagnosis was undertaken. We collected data on patients' history of rheumatological, autoimmune and endocrine disorders. Laboratory testing (CBCDP, ESR, AST, ALT, Alk. Phos., T-Bili, total protein, albumin, γ-globulin) and computerized tomographies (CT's) of chest, abdomen and pelvis were documented. A bone marrow biopsy was done in 71 patients. If available, ß2-microglobulin, cytogenetic and molecular rearrangement studies were included. Ten patients had a documented ß2-microglobulin level. Fiftynine patients had an LDH check at initial diagnosis. Biopsies were taken from the following sites: scalp (1), forehead (3), neck (28) , thyroid (1), parotid (2), supraclavicular (7), axilla (7), mesenteric/abdominal (3), colon/small intestine (1), retroperitoneal (3), epitrochlear (1), inguinal (13), thigh mass (1), bone/soft tissue (1), unknown (6) . All bone marrow aspirates, biopsies and lymph node biopsies were reviewed at our institution for confirmation of correct diagnosis and grading. The Ann Arbor system was utilized for staging. Nodal sites were counted as follows: cervical, supraclavicular, axillary, mediastinal, pleural effusion, intrapulmonary, celiac/ gastrohepatic ligament, portocaval/porta hepatis/portocephalic, liver, mesenteric, spleen, splenic veins, retroperitoneal above renal veins, retroperitoneal below renal veins, pelvis, inguinal/ femoral (if applicable bilaterally). Spleen was included in nodal counts. Bone marrow involvement was judged as extranodal involvement.
Complete remission, CR, was defined as no evidence of disease clinically nor on CT of chest/abdomen/pelvis. We subdivided the patients in CR into 2 groups depending on whether a bone marrow biopsy had been done or not. Partial remission, PR was defined as ≥50% reduction of measurable disease for at least 1 month. Again, we differentiated whether a bone marrow biopsy had been undertaken. Failure was defined as any other response such as stable disease, mixed response, progression, death including death from treatment toxicity. Survival was measured from time of first diagnosis until death.
Treatments. One of the 77 patients, 3 (3.9%) with follicular lymphoma stage I were treated with radiation in curative intent. One of the 77 (1.3%) also started with radiation with clinical stage IA. However, a bone marrow biopsy had not been performed due to morbid obesity. Two of the 77 had more advanced stages of follicular lymphoma and nevertheless initially treated with radiation. Of the 77 patients, 30 (39%) did not receive initial treatment but were monitored only ('Watch & Wait'). The remaining 41 patients expressed symptoms that determined the initiation of chemotherapy. 
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Single agent therapy (cytoxan, chlorambucil) was started in 2/77 (2.6%). Monotherapy with either prednisone or dexamethasone was begun in 1/77 (1.3%), 2/77 (2.6%) received 2-CDA, 6/77 (7.8%) received CVP initially, 1/77 (1.3%) cytoxan/prednisone and 1/77 (1.3%) chlorambucil/prednisone. One of the 77 (1.3%) underwent monotherapy with fludarabine, 1/77 (1.3%) received a treatment combination of fludarabine/ CVP, 2/77 (2.6%) were treated with cytoxan/adriamycin/ etoposide, 22/77 (28.6%) received CHOP initially, 2/77 (2.6%) also received radiation immediately following CHOP treatment, 1/77 (1.3%) was started on ProMACE-CytaBOM and 1/77 (1.3%) immediately underwent allogeneic transplantation.
Statistical analysis. The SAS statistical package (version 8e) was used for the analysis of all data. Survival was measured from first diagnosis to death from any cause. Not all patients had complete data on the prognostic factors we examined (Table I) . Survival curves were estimated by the method of Kaplan-Meier. Statistically significant prognostic factors at initial diagnosis were then compared in a multivariate proportional hazard regression model. Table I summarizes the characteristics of the 77 patients included in this study. The majority of patients (69.4%) presented with follicular lymphoma stage IV of the Ann Arbor classification. Nearly half of the patients (48.1%) had grade I. The median follow-up for all patients was 5.56 years. The median overall survival of the study patients was 10.3 years. Of the 30 patients who were monitored only, 14 (46.7%) had not started treatment by the end of the observation time of the study. Of all patients, 42.9% achieved a complete response with initial chemotherapy or radiation. Adriamycin-containing regimens were most commonly used (31.2%). Of all patients, 15.6% underwent transformation during the course of their disease.
Results
Patient characteristics.
Tables II-IV categorize the patients of this study according to the prognostic indices IPI, Italian Prognostic Index and FLIPI. The concordance among the different prognostic scores is difficult to assess as there is missing data for the ILI score in 68 out of the 77 patients. In contrast to the IPI, the FLIPI places the majority of patients into the intermediate group. With 30.6% of patients being in the high-risk group, it exhibits a significant difference to the IPI which only places 9.6% in the high intermediate group and none of the patients in the high-risk group.
Only the 2 factors age >60 years and Hgb <12 g/dl changed the overall survival significantly (Table V) . Neither the duration of symptoms before diagnosis nor the interval length of the 'Watch and Wait' period had an important impact on overall survival. Of note, the Kaplan-Meier survival curves underestimate the mean survival time in the 2 groups looking at risk factors age and Hgb independently as the last patients were censored.
As shown in Table VI , both factors were also independent predictors of lower overall survival in a multivariate proportional hazard analysis. A test for interaction between age and hemoglobin was negative (p=0.35).
The conclusions of the model were supported by the estimated average survival times for each of the four risk groups, as determined by stratified Kaplan-Meier curves. The survival for patients >60 years who also had anemia was 3.1 years, 4 out of 77 patients fit into this group.
Table VII illustrates how strongly the 4 different combinations of the the prognostic factors age and Hgb change the mean and median overall survival. The 2 groups that show either one of the 2 prognostic factors did not reach the 50% Table II . Prognostic Index IPI. ------------------------------------------------ Missing data in 25 patients.
- ---------------------------------------------- 
Missing data in 68 patients. Table VIII illustrates that the prognostic factor Hgb <12 g/dl has a greater impact on mean and median overall survival than age >60 years.
An assessment of the proportional hazards assumption was undertaken by testing for an interaction between time and both age and hemoglobin. We found no evidence against proportionality (Fig. 1) .
Discussion
Being able to identify a subset of patients with follicular lymphoma who will benefit from early aggressive treatment has been the goal of many studies in the past. The mainstay of these observational studies was the determination of prognostic factors that were then built into a predictive score. The Italian Lymphoma Intergroup included the factors LDH, age, B-symptoms, ESR and number of extranodal sites into their Italian Prognostic Index. The recently published Follicular Lymphoma International Prognostic Index (FLIPI), found the factors age, Ann Arbor stage, Hgb, number of nodal areas and LDH level to be prognostically significant. Both prognostic scores were based on large multicenter data collections. Our study reviewed data from our institution only. The lower number of patients could explain why some of the factors, significant in the Italian Prognostic Index and the FLIPI, were not statistically important in our data analysis. The strength of the current study lies in the detailed documentation of patient characteristics at initial presentation. With the knowledge of symptom duration before first diagnosis, we even provided a notion of the patient's natural course of disease. The Italian Prognostic Index analysed the pathology slides according to the updated Kiel classification. As this classification does not ONCOLOGY REPORTS 20: 185-193, 2008 Table VI. Multivariate proportional hazard analysis. Table VII . Impact of the 4 possible combinations of the 2 prognostic factors on mean and median overall survival (Fig. 1) . (Fig. 2) . ---------------------------------------------- subdivide the centroblastic-centrocytic group into 2 subgroups comparable to grades I and II of the REAL classification, grading was not undertaken. Both groups included follicular large cell lymphoma. The percentage of grade III lymphoma is not given in the Italian Prognostic Index. This makes a comparison with our study sample difficult. The FLIPI included 9% grade III follicular lymphomas. Our sample with 19.5% had nearly double the amount of grade III follicular lymphomas. Follicular large lymphomas have long been regarded as a separate entity as their nature is less indolent than grade I and II follicular lymphomas. The FLIPI did not review the pathology slides of their study subjects centrally. In our study, all bone marrow aspirates and biopsies as well as lymph node biopsies were reviewed. This practice ensured avoidance of differential misclassification. We also found that of the original 130 patients from the Minnesota Cancer Surveillance System Database, 12 (9.2%) had to be excluded due to wrong diagnoses. Choosing this database also provided us with a representative sample of the population of Minnesota as all patients with follicular lymphoma seen at the University of Minnesota are entered into this system. The FLIPI looked at patients from multiple centers that had been entered into several trials. It would be important to know how the study patients differed in characteristics from those patients with follicular lymphoma that had not been included in a study. A significant difference between study-and non-study patients could have an important influence on resulting prognostic factors and overall survival. The FLIPI was based on data from only 1795/4167 (43.1%) of the original patients due to missing data. Although the score was validated on a second sample of patients where the data necessary for the prognostic score was available, there is still a question of selection bias with influence on the outcomes prognostic factors and survival. This can only be answered in a prospective setting. Our data correspond partially with the FLIPI as age >60 and Hgb <12 g/l are prognostic factors in both studies. We did not find the Ann Arbor stage, the number of nodal areas or the serum LDH level to be statistically significant for overall survival. This could have been due to our smaller study sample. It is of interest that many of the prognostic scores published in recent years share certain prognostic factors. Yet it still has to be proven that patients with those prognostic factors will actually benefit from a more aggressive treatment up-front. In recent years attempts have been made to also include prognostic factors on the molecular level. Most recently, Björck et al added molecular factors to the FLIPI and found that CCNB or cyclin B1 was an independent prognostic factor in addition to the original parameters of the FLIPI score (44) . It was discovered with gene-expression profiling that non-malignant tumor-infiltrating immune cells were important prognostic factors independent of clinical characteristics of the patients (45, 46) . It can be anticipated that clinical features will play a less important role in predicting the prognosis of follicular lymphoma in light of new molecular factors that will likely be discovered in the near future.
